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Abstract

Due to the abnormally elevated amounts of androgens women infected thruPolycystic ovary
syndrome (PCOS) will practiceindications such as acne, hair loss, and obesity. Around 20%
of women of reproductive age are impacted by it.Clinical symptoms include menstrual
irregularities, miscarriages, dysfunction of follicular maturation, polycystic morphology of
ovaries, obesity, acne, alopecia and hirustism.Previous studies have shown that PCOS women
remainby high risk for metabolic and cardiovascular disorders as well cancers of reproductive
system. Any disturbance of orchestrated chain of hormonal and genetic events can progress
towardspolycystic ovaries and associated flaws. Expressions of certain genes such as sirtuins,
chromobox homolog 2 (CBX2), kisspeptin, micro RNAs etc can immensely manipulate
hyperandrogenism and/or hyperinsulinemia. Enhanced cytokine levels and related signaling
pathways also emergein the pathophysiology of PCOS. The purpose of suchrevisionremains
to explore the hormonal, biochemical, inflammatory, novel genomic and neuroendocrine
profiles alliedthruPCOS that might lead towards the deeper understanding of this condition.
This illumination can conquer new battlegrounds for the creation of possible and highly
successful therapeutic strategies to improve the management of this syndrome and to
minimise the risk of long-term complications. Simultaneously, high prevalence of
pathological parameters among PCOS women also necessitates an early-stage diagnosis to
control the high morbidity rates associated with it.

Key words: Polycystic ovary syndrome, hyperandrogenism, insulin resistance, obesity, Toll-
like receptors, sirtuins, kissepeptin.

INTRODUCTION

Polycystic ovary syndrome (PCOS) remains a debilitating and life-long gynaecological
endocrine condition such presents with extreme adverse effects on a woman's health and
mental wellness (Tabrizi et al., 2020; Glintborg and Andersen 2017). Depending uponthe
diagnostic criteria, approximately 20% of reproductive-age women are affected by PCOS
(Lizneva et al., 2016). Due to the exciting rise in the incidence of high prevalence craft, it
has become the most prevalent endocrine condition in pre-menopausal people. Polycystic
ovarian syndrome is mostly attributed to hormone imbalances and hereditary influences. The
modified  Ferriman—Gallwey (mFG) score is used to determine clinical
hyperandrogenism(Teede et al., 2018; Chen et al., 2008). Obesity, insulin resistence,
hyperandrogenism and low vitamin D levelremaincontemporary in further than 50% of
patientboy PCOS (Glintborg and Andersen, 2017). Along with these, inflammation
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(Alanbayet al., 2012; Kebapcilaret al., 2014), angiogenesis (Oszet al., 2014), exercise
(Hakimi and Cameron, 2017) and oxidative stress (Piotrowski et al., 2005) actively
participate in pathogenesis of PCOS. Different studies have shown that PCOS women remain
at high risk for metabolic and cardiovascular ailments(Carvalho et al. 2017a). Growing
clinical, experimental and genetic evidences also underlined the purpose of neuroendocrine
structurein the pathogenesis of PCOS (Witchel et al., 2019).

With the advancing of years, several scientific projects have been undertaken in pursuit of an
exact pathogenesis and aetiology of PCOS (Dumesic et al., 2015; Dunaif, 2016). Based on
multiple hypotheses, numerous therapeutic modalities targeting androgen suppression and/or
blockade, metabolic abnormalities, obesity, endometrial protection, reproductive therapies are
employed (Azziz R, 2016). Clinically, clomiphene citrate, metformin hydrochloride,
combination of clomiphene citrate and metformin hydrochloride, hormonal therapy,
rosiglitazone, and pioglitazone etc have been approved for the treatment of PCOS
(Cunningham, 2017;lbanez et al., 2017; Khan et al., 2019). But the interval in the
accepting of the pathogenesis andinappropriate managementof PCOS are still a foremost area
of active research.

This review purposes to conferdifferent molecular alleywayssuch as hormonal, metabolic,
inflammatory  and  novel  genomic  outlinesalliedthru ~ PCOS.  All  these
mechanismsmightsubsidizetowards the restoredconsideratearoundsuch syndrome and may
inspire for the development of potential as well as highly efficient therapeutic strategies to
improve management of PCOS.

Historical aspects and Diagnostic criteria for PCOS

Different diagnostic phenotypes used forrecognition of PCOS in women are summarized in
Table 1. An Italian scientist Vallisneri (1721) described the histology of polycystic ovary
with white shiny surface in infertile woman (Insler and Lunesfeld, 1990). Chereau and
Rokitansky(1844)unfolded sclerotic and fibrous changes of degenerative follicle within
ovaries. Later on, description of bearded women was described by Achard-Thiers (1921).

In 1935, Irving Stern and Michael Leventhal first time distinct PCOS in hirsute, obese and
amenorrheic women presenting chronic anovulation and enlarged ovaries along with many
immature follicles (Szydlarska et al., 2017). Then, Cooper and colleagues first time opened
the genetic environment of PCOS (Cooper et al., 1968). Much later in 1990, the
indicativemeasures for PCOS were redefined and re-discussed thru National Institute of
Health (NIH) such biochemical hyperandrogenism associates with amenorrhea or
oligomenorrhea(Zawadzki and Dunaif, 1992).

A few years later in 2003, Rotterdam consensus in collaboration with American Society of
Reproductive Medicine (ASRM) and the European Society of Human Reproduction and
Embryology (ESHRE) expanded the initial NIH measures(Ding et al., 2017). These revised
criteria were established in 2004 to facilitate the obligation of sonographic presence of
polycystic ovaries for PCOS diagnosis along with other key manifestations such as
hyperandrogenism or extreme body hair or recurrent/ lacking menstrual cycle(The
Rotterdam, 2004). Moreover, Androgen Excess Society (AES) 2006 issued a statement with
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evidences that hyperandrogenism is a major culprit that predisposes the pathway for
reproductive complications (like menstruation disorders, infertility, acne, hirsutism, and
androgenic alopecia), metabolic complications (such as increased cardiovascular risk, insulin
resistance and dyslipidemia) and ovarian or endometrial tumours (Jayasena and Franks
2014).

Clinical presentation of PCOS

PCOS includes an extensive collection of symptoms that can divergethru age, weight and
ethnicity. Clinically, this burden is characterized by menstrual irregularities, miscarriages
(Palomba et al., 2015), dysfunction of follicular maturation, polycystic ovaries, signs of
hyperandrogenism and dysregulation of hormones certain as luteinizing hormone (LH) and
follicular-stimulating hormone (FSH) subsequent in obesity, acne, alopecia and
hirustism(Yang et al., 2018).The percentage of clinical symptoms is illustrated in Figure 1.
Connotation of PCOS by infertility remains one of the most relevant complications
assumedtowardsremainsliable for 40-70% of female infertility (Sirmans and Pate, 2013).
Furthermore, it remains a foremostsource of ovarian, endometrial and breast carcinomas.
Moreover reproductive deviations, PCOS remains also sturdilyalliedthrough anextensivearray
of metabolic ailments, certain as hepatic steatosis, dyslipidemia, glucose prejudice, diabetes
mellitus type 1l (T2DM) and cardiovascular dysfunction (Chandrasearan and Sagili, 2018).
Androgen excess may rarely cause Cushing’s syndrome, acromegaly and hyperprolactinemia.
Thus, PCOS places heavy drains on health-care meanssuchmightsurpass $14 billion annual
budgets in the US only. Because of heterogeneity in clinical symptoms of PCOS, all of these
conditions not only stated the vast phenotypic variability(Catteau-Jonard et al., 2012) but
also poses its long lasting deleterious and devastating effects on psychological well-being of
women.

Clinical Prevalence and Pathogenesis of PCOS

Hyperandrogenism responsible for immature follicles, cyst formation, infertility and
various cosmetic changes

Clinically, hyperandrogenism was defined with modified Ferriman—Gallwey (mFG) score >8.
At least one abnormal value of serum androgens out of free testosterone >6 pg/mL, total
testosterone >0.8 ng/dL, or dehydroepiandrosterone sulphate (DHEAS) >350 pg/dL is
required to describe hyperandrogenism(Teede et al., 2018).

Modification in androgenic milieuremains avital pathological property of PCOS escorting
towards reproductive, metabolic and cosmetic deviations in women. These changes
negatively influence the eminence of life of women thru PCOS (Wojciechowska et al.,
2019). Any disturbances at hypothalamic—pituitary—adrenal (HPA), hypothalamic—pituitary—
ovary (HPO) and glands’ axes function can primetowards androgen surplus and/or
anovulation (Figure 2). Epidemiologic studies have been reported inconsistent results for
prevalence of PCOS. Hirsutism, acne or alopecia is main clinical feature of
hyperandrogenism (Hatch et al., 1981). However, ethnic variations may result in more or
less hairy symptoms with similar serum androgen levels as compared to other population.
The incidence of acne and androgenic alopecia in PCOS women is 16% and 2% respectively
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whereas prevalence of infertility varies in the range between 70-80% (Jian et al., 2018). A
hirsutism study was assessed in 531 Thai women and less than 3% of women (n=11)
obtainablemFG score of > 3, were deliberated as abnormal (Cheewadhanaraks et al., 2004).
In an another Chinese cross-sectional revision, 10% out of 2988 women of reproductive age
exhibitedmFG scores of >5(Zhao et al., 2011).

Normally, androgens are synthesized in ovarian pre-antral follicle theca cells and zona
fasciculata of the adrenal cortex of adrenal glands. Interestingly, androgens contribute in
equal ratio to upholdadvance of pre-antral and antral follicles.Pre-antral and antral follicles
persuade granulosa cell FSH receptor appearance in initial antral follicle and to circulate
testosterone during reproductive-age respectively (Magoffin, 2005). In the ovarian granulosa
cells, aromatase enzymeconverts theca cell-derived androgens into estradiol(Figure 2).
Altered aromatase activity in women with PCOS reduces this conversion of androgens to
estradiol(Chen et al. 2015). Hyperplasia of theca cells has been observed during follicle
morphology of PCOS ovaries that may be an outcome of elevated androgen levels
(Magoffin, 2005).PCOS ovaries also show over-expressions of CYP11A, 3-HSD and
CYP17enzymes  and LH receptor in the theca cells thatpromote
inherentsteroidogenicderegulation(Rosenfield and Ehrmann, 2016).

Deficiency of FSH, hypersecretion of LH and elevated LH/FSH ratio are observed in around
55 to 75% of the women thru PCOS. Normally, discharge of gonadotrophin-releasing
hormone (GnRH) is controlled by progesterone through negative feedback mechanism
(Rojas et al. 2014). But hyperandrogenism decreases the progesterone induced negative
feedback mechanism. Henceforth, the persistent secretion of GnRH supports the surge of LH
over FSH levels and eventually promotes  LH/chorionic  gonadotropin
receptor(LHCGR)appearance in granulosa cell (De Leo et al. 2016). Duringnormal ovarian
folliculogenesis, the oocytes mainly mature under the influence FSH and LH to stimulate
ovulation (Cimino et al. 2016). However, disruption of this equilibrium disarrays the
follicular development and induces establishment of immature oocytes prominenttowards
infertility. In PCQOS, high levels of LH articulate early luteinisation and form several
premature antral follicles. Most of the follicles (2-5mm in diameter) stop at a small antral
stage. Ovarian accumulation of these immature follicles disturbs the normal morphology of
ovaries, results into formation of polycystic ovariesand anovulation in women thru PCOS
(Speroff et al., 2005).

Anti-Mullerian hormone (AMH) remains a glycoprotein veiledthrough granulosa cell of
small growing follicle. AMH remains a member of the transforming growth factor b (TGF b)
family and remainsveiled as a 140-kDa full-length homodimeric precursor and formerly
cleaved thru prohormone convertase enzyme towardsproduce a 110-kDa pro N-terminal and
25-kDa mature C-terminal dimers allied non-covalently througheveryfurther(di Clemente et
al., 2010). This pro-mature non-covalent complex of AMH is biologically active form of
AMH. It remains a vitalofficial of folliculogenesis in the ovaries. AMH acts on the primordial
follicles to inhibitthe effects of FSH on growing follicles (Weenen et al., 2004; Visser et al.,
2006).Enhanced level of serum AMH mightremainpracticed as a biomarker for PCOS

http://annalsofrscb.ro 3749



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

diagnosis (Dewailly et al., 2016). High levels of AMH impair the follicle growth due to
follicular resistance to FSH (Palomaki et al., 2020). Furthermore, AMH resists FSH-
inducedandrogen conversion to estradiolthrough aromatase conversion activity and
contributes to hyperandrogenism in PCOS (Chang et al. 2013; Eilertsen et al., 2012). It
devoursstood studied such serum level of AMHmight be proportionate thru the quantity of
ovarian follicle and cysts. Consequently, AMH mightremainpracticed as potential biomarker
towardsdistinguish polycystic ovarian morphology;suchremainssolitary of the measures for
spotting PCOS (Pigny et al., 2006).

Dehydroepiandrosterone sulphate (DHEAS), an adrenal androgen is secreted by zona
reticularis has similarlystoodconveyed to upsurge in PCOS (Sorensen et al., 2016). Its
impostremains also important to eliminatefurther severe reasons of virilisation, such as
adrenal carcinoma. Nevertheless, prolactin and thyroid stimulating hormone (TSH) should be
assessed to distinguishfurthersources of anovulation.

The metabolic milieu contributes to hyperandrogenism and adipogenesis

PCOS remainsalliedthroughseveral metabolic syndromes distinct as obesity, dyslipidemia,
type 2 diabetes mellitus (T2DM) and cardiovascular disorders etc. The predominance of these
metabolic consequences is approximately threefold greater in PCOS women in comparison to
any other condition. Khorshidi et al. used 46 studies toshow the greatpredominance (30%) of
metabolic syndromein PCOS (Khorshidi et al., 2019). This organised revisionexplainedthe
role of increased weight and oxidative stress in the advance of metabolic syndrome. A meta-
analysis conducted by Zhao has clearly indicated the relationship between coronary heart
diseases and PCOS (Zhao et al., 2016).

Insulin resistance (IR) remains a key property inpathophysiolgy of PCOS and a major cause
of excessive adipogenesis in specific women (Morciano et al., 2014). Mostly all PCOS cases
have some extent of IR, as they have35-40% less insulin sensitivity as compared to normal
one. IR patient must have at least one abnormal diagnostic value out of carbohydrate
metabolic profiles such as fasting blood glucose > 100 mg/dL, 2-hour glucose >140, fasting
glucose and insulin ratio <4.5 or homeostatic measurement assessment-insulin resistance
(HOMA-IR) >2 (Legro et al., 1998).

Various in vitro and in vivorevisions suggested such insulin synergize thru LH to upsurge
theca cell androgen creation(Rice et al., 2005). IR and compensatory hyperinsulinemia
promotes the occurrence of hyperandrogenemiathroughsubstitute on the pituitary gland,
ovaries, and liver (Figure 3). Circulating insulin acts at the pituitary gland to upsurge
gonadotropic compassion towards GnRHto potentiate steroidogenesis(Baillargeon and
Nestler, 2006). It also enhances adrenal androgen secretion through stimulation of
adrenocorticotropic hormone. Thereafter, reduced sex hormone binding protein (SHBG)
levels in serum causes increase in free androgen concentration (Diamanti-Kandarakis and
Dunaif, 2012; Rosenfield and Ehrmann, 2016).
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Current human living style with virtual food abundance and sedentary lifestyle predisposed
the people towards metabolic syndrome and its detrimental outcomes. Overweight and
obesity remainforemost health distressesamid adolescent girls and adult women by PCOS.
Nutrient surplusmight cause hypertrophy and/or hyperplasia of adipocytes that institutes a
microenvironment consideredthroughlIR, proinflammatory cytokine secretion, free fatty acid
excessandmacrophage conquest(Virtue and Vidal-Puig, 2010). In adipocyte, the reduced
lipolysis triggersan augmentin serum free fatty acids (FFAs) and triglycerides,
eventuallyforemost to amplified hepatic denovolipogenesis and hyperlipidemia(Samuel and
Shulman, 2016). Enhanced lipid storage capacity of adipose tissue promotes fat storage in
skeletal muscles, liver and pancreas. Elevated serum levels of FFAs inactivate pyruvate
dehydrogenase (PDH) enzyme or reduce glucose transport action to exacerbate IR (Ibanez et
al., 2017). This process reduces insulin receptor substrate-1 (IRS-1) allied PI3 kinase
actionsuch alters insulin signalling and reduces hepatic synthesis of SHBG (Figure
3)(Samuel and Shulman, 2016). Furthermore, activity of ovarian P450c17 and P450scc
enzymes is directly stimulated by circulating insulin which also promotes ovarian androgen
steroidogenesis(Genazzani, 2016).More interestingly, level of leptin (a hormone
producedafter the adipose tissue) remains alsoinstitutetowardsremaineminent in women thru
PCOS (Brzechffa et al., 1996). Previous revisionsobligate revealed such leptin might alter
the LH levels directly by stimulating GnRH(Cimino et al. 2016; Lebrethon et al., 2000).

Many PCOS women exhibitvariations in the functionality of glucose transporter-4 (GLUT-4),
suchremainscompulsory for glucose uptake into the cell(Moran et al., 2010). Furthermore,
the formation and amassing of progressive glycation end products (AGEs) devoursremained
reported to progress in PCOS patients. Moreover, AGEs interrelateby a cell surface receptor,
receptor for AGEs (RAGE). The resultant over-expression of RAGE mainly interferes
withinsulin-signaling and glucose metabolism in insulin-sensitive cell and tissuecomprising
ovarian cell(Ramasamy et al. 2012). AGEs rapidly activatevarious RAGE-signaling
pathways certain as nuclear factor kappa B (NF-Kp),endothelial cell-derived nitric oxide
(NO), protein kinase C (PKC) and mitogen-activated protein  Kinase
(MAPK)alleyways,suchcause to overproduction of reactive oxygen species (ROS), formation
of toxic byproduct of NO (peroxynitrite), activation of NADPH oxidase and release of
inflammatory marker respectively. (Figure 3).Under oxidative environment, the stimulation
ofRAGE cascade auxiliary exacerbates oxidative stress and inflammation through a positive
feedback loop (Ramasamy et al. 2012; Vlassara et al. 2002). Morphologically, it has been
approved thatover-expression of RAGE in adipocytes is alliedthrough a decline in GLUT-4
gene expression and attenuation of insulin-signaling(Monden et al. 2013).

IR can also enhance AMH concentrations and may contribute to elevate androgen levels in
PCOS. La Marca et al. suggested a direct associationamid serum AMH and insulin resistance
through Homeostatic Model Assessment (HOMA-IR) (La Marca et al., 2004a). Fonseca et
al. steered a cross-sectional revision and found a significant rise in AMH concentrations in
PCOS patientby IR in contrast to PCOS patientdeprived of IR (Fonseca et al., 2014).IR and
endothelial dysfunction remainalliedby PCOS.Amplified synthesis of vasoconstrictors and
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reducedvasodilatationsimilarlyupsurges the risk of cardiovascular metabolic ailments in
PCOS. These aspectsmightintensify the advance of IR in women by PCOS.

Role of inflammation in PCOS

A great immune response is required for normal folliculogenesis, ovulation and corpus
luteum formation (Gallinelli et al., 2003). Any alteration in ovarian immune cells and
follicular cytokines mightreason for the inception and sternness of inflammatorysigns(Wu et
al., 2007). Enduring inflammation shows a centralpart in the pathogenesis of PCOS(Figure
4). It devoursstoodinstitutesuch serum and follicular fluid intensities of  inflammatory
markercertain as C-reactive protein (CRP), tumor necrosis factor (TNF), interleukin-6 (I1L-6),
interleukin-18 (IL-18), monocyte chemotactic protein-1 (MCP-1) and acute phase serum
amyloid A (APSAA), uplift in women through PCOS (Alanbay et al., 2012; Aytan et al.
2016; Soter et al. 2015). Polymorphism of genes coding for TNF-a, IL-6 and their
receptorssimilarlyalliedthrough PCOS(Repaci et al. 2011; Carvalho et al. 2017b).

Oxidative stress and IR remain closely allied and mightprompt inflammatory
retortthroughliberating inflammatory mediators and pro-inflammatory cytokine(Gonzalez et
al., 2006; Evans et al., 2005).Artimani et al. have executed a revision by using follicular
fluid sample of 21 PCOS women (Artimani et al., 2018). These studies have examined the
oxidative stress and observed the higher concentrations of malondialdehyde (MDA) and total
oxidant status (TOS) in PCOS women as compared to normal controls and is closely linked
with inflammatory consequences. Furthermore, a meta-analysis performed thruMurri et al.has
also evaluated oxidative stress in 4933 PCOS patients (Murri et al., 2013). Evidences
suggested that thesepatients exhibited higher circulating concentrations of MDA,
homocysteine, and asymmetric dimethylarginine (ADMA), decreased levels of glutathione
and paraoxonase-1 and increased activity of superoxide dismutase in comparison to normal
controls.

Inflammatory cytokines:Many previous investigations concluded that inflammatory
cytokines extensively increase the production of androgens. The resultant hyperandrogenemia
disrupts the developmental stages of ovarian follicles in PCOS. IR-induced hypertrophy and
hyperplasia of adipocytes stimulate the supplementstructure and create inflammatory
cytokines (Wellen and Horamisligil 2013; Carvalho et al. 2018). TNF-«, an inflammatory
marker alliedby tissue inflammation, takescapacity to uphold the propagation of
mesenchymal cells of follicular tissue and production of androgen in rat(Spaczynski et al.,
1999). PlasmaTNF-a is found to be elevated in PCOS, whicharouses the phosphorylation of
insulin-receptor substrate-1 (IRS-1) protein and lipolysis in adipocytes(Figure 4)((Mahde et
al. 2009; Thathapudi et al. 2014). IRS-1 phosphorylation contributes to IR by inhibiting the
insulin-signaling pathway whereas enhanced lipolysis causes increase inflowing free fatty
acids and mightsubsidizetowards the development of cardiovascular ailments and T2DM
(Kopelman 2000). IR also elevates IL-6 levels in obese and PCOS women, which in turns
uplifts circulating testosterone levels (Zheng and Li 2016).Anefficientevaluation and meta-
analysis  revisionspalpablysustainedsuchgreater IL-6  levelremainconsiderablyalliedby
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HOMA-IR and IL-6 levelmightremainanexpedientchecking biomarker for the prediction in
PCOS women (Peng et al. 2016).

Toll like receptors (TLRs): TLRremains a intimate of pattern recognition receptors (PRRS)
suchidentify the pathogen-induced molecular outlines in the innate immune response
throughpersuadingkinase-signalingforces and transcription factor activation (Sadik et al.,
2015). These receptors are localize in many tissues and cells such as adipose tissue, cardiac
myocytes, dermal endothelial cell, intestinal endothelial cell, cumulus cell, granulosa cell,
and theca cells. Studies have shown that TLRs are responsible for initiating the inflammatory
response and inhibits insulin sensitivity, thereby promoting insulin resistance (Hotamisligil
and Erbay, 2008). The activation of the TLR2 and TLR4 is considered as an important
factor of IR (Kochumon et al., 2018). In PCOS, the TLR4-signaling could initiate
inflammation through NF-Kf pathway (Figure 4). Previous preclinical data have also
verified that disruption of TLR4-gene plays a protective role against obesity-induced
inflammation and IR in mice (Shi et al., 2006, Suganami et al., 2007). Obesity-induced
FFAs could cause the sustained activation of TLR-signaling, which may impair insulin
action. TLR4 signaling-induced activation of adipocytes and macrophages release various
cytokine and chemokine like TNF-a, IL-1B, IL-6, MCP-1 and
CRPssuchindorseinflammation. In addition, adipocytes remain abundant cause of leptin and
adiponectinnearmaintain insulin sensitivity althoughstruggling and retinol-binding protein 4
(RBP4) towardsprejudice insulin sensitivity(Schenk et al., 2008).

Novel gene families and neuroendocrine factors associated with PCOS

Exceedingly orchestrated restraint of genetic procedurescertain as multiple transcription
factors and genetic circuits play anessentialpart in the ovarian advance. Any disturbance in
organized network of genes can evoke many clinical complications including ovulation
defects, polycystic ovariesand ovarian cancer. Genome-wide association studies (GWASS)
correlated the pathogenic role of gonadotropins in PCOS via identification of genes involved
in HPO-axis functioning such as LHCGR gene and FSHR gene (Hayes et al., 2015). It has
been known that the expressions of genes relevant to the development of PCOS are mainly
influenced by hyperandrogenism and/or hyperinsulinemia.

Sirtuins: Sirtuinsbelong to deacetylases group thatcan change structural proteins, metabolic
enzymes and histonesthrough directive of specific-gene expressions and activation and/or
deactivation of other proteins to modifyfunction of cellular proteins(Morris, 2013). In
mammals, there are seven sirtuins (SIRT1-SIRT7) that exhibit a conserved catalytic domain
in processes like DNA repair, maintenance of metabolic homeostasis, oxidative stress, aging-
degeneration or cancer. Evidences suggested that post-ovulatory luteinized granulosa cells of
human ovarian follicles express all these seven members of sirtuin-genefamily (Tanno et al.,
2007). A clinical study conducted on IVF patients consist of different infertility diagnostic
groups and oocyte donor groups providedthequantitative gene-expression of sirtuinsin
luteinizing granulosa cell(Zhao et al., 2014). The diverse patterns of sirtuinsexpressions
found in this study reflected their role in pathological and physiological conditions. Study
also revealed that sirtuins may exhibit protective and defensive mechanisms against various
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conditions due to their compensatory mechanism. Out of seven sirtuins,SIRT1 has a great role
ininflammation (via NF-kB activity), energy metabolism (via PPAR-y regulation) and
apoptosis (via inhibiting p53-dependent transcription) (Zhang et al., 2010).SIRT1,SIRTS3,
SIRT5 and SIRT6 have been involved in apoptosis of ovarian granulose cellthrough follicular
atresia and preservation of follicle reserve to increase ovarian function lifespan and
fertility.SIRT2, SIRT3 SIRT5 and SIRT7moves into mitochondria and participate in
detoxification of ROS to protect cells from oxidative stress (Gonzalez-Fernandez et al.,
2019).

Androgen Receptor Gene (AR): ARremainscontemporary on chromosome Xg12 and has 11
exons. This gene has three functional domains and it can code for more than 90 kb long
proteins(Ajmal et al., 2019). Some studies explored that AR is an X linked gene and
inactivation of X disrupts androgen-signaling pathway. It may be of great interest
towardsbehaviour Genome ExtensiveConnotation for PCOS to recognize the
innovativealterations of AR to expand genomic pathology of PCOS (Urbanek, 2014).

Chromobox homolog 2 (CBX2): Recent studies have confirmed the presence of CBX2
genome in both male and female reproductive systems. This homolog of gene is a controller
of homeotic gene appearancethroughinitial embryogenesis. Two isoform of CBX2 (CBX2.1
and CBX2.2) obligatestood identified. CBX2.1 contains a polycomb box whereas CBX2.2
lacks the polycomb box (Volkel et al., 2012). CBX2.2 regulates expression of mitogen-
activated protein 3-kinase 15 (MAP3K15) and Aldo-keto reductase family 1 member C1
(AKR1C1) through negative feedback mechanism. A preclinical study conducted on rats
showed high MAPK expression patterns during secondary and antral follicle phasesover
those in the primordial follicles or primary follicle(Hu et al., 2017). Henceforth, we could be
assumed that MAPK-signaling pathway possibly involved during growth and development of
follicles whereas reduced levels of MAPK can significantly evoke excessive androgen
production in women. Aldo-keto reductase steroidogenic enzymes (AKR1C1-AKR1C4) are
present in adrenal and ovarian tissues and they regulatethe fabrication of androgens in
adipose tissue in both males and females (Marti et al., 2017). This pathway seems to be
enhanced in the PCOS (Del Valle et al., 2017). Biason-Lauber and co workers provided
evidences regarding regulation of androgen receptor in the ovary viaAKR1Cl1l and
CBX2.2expression (Biason-Lauber et al., 2019). Supplementaryrevisionsremain still needed
to expand the role CBX2 network to show how these new targets involved in ovarian
functionality in humans.

MicroRNAs (miRNAs):Epigenetic modifications like variations in methylation and miRNAs
open added more interesting theory of regulations distressing the PCOS phenotype (Kokosar
et al., 2019). The miRNA-regulated gene expression remainsdeliberatedtowardsstand an
additional stratum of epigenetic guideline and intricate in the guideline of apoptosis;
propagation and steroidogenesis in granulose cells. Circulating or ovarian mMiRNAs
mightpossibly amend steroidogenesis and ovarian purpose in PCOS women. It has been
identified that quantity of miRNAs dysregulated in PCOS(Wu et al., 2014). Some
currentrevisionsobligaterevealed that miR-200c has been increased in granulose cells of
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cystic ovarieswhereas the expression of miR-324 and miRNA- 592 wereconsiderably
downregulated in PCOS ovaries(Song et al., 2015).

DENND1A:Genetic studies have recognized over expression of another interesting locus
i.e.DENND1A during excessive production of androgens in theca cell and adrenal cell line.
Nevertheless, the mechanismliable for amplifiedappearance of such modifiedresidues to
remainexplicated(Tee et al., 2016).

Kisspeptin: Kisspeptins (encoded by KISS1 gene) are produced by Kisspeptin-1 neurons,
which are master regulators of neurosecretion of GnRH and ovulation (Osuka et al., 2017).
Currentrevisionsobligaterevealedsuch kisspeptin-1 and its receptors remainuttered in the
mammalian ovary and play a putative role in initiation of puberty, follicular development,
oocyte maturation, steroidogenesis and ovulation through HPG-axis (Hu et al., 2018).
Temporal coupling of kisspeptin—LH pulse demands normal menstrual cycling, however in
PCOS women loss of this coupling result in oligomenorrhea(Katulski et al., 2018).
Moreover, down regulation of KISS1 leads to reproductive function failure and female
infertility (Topaloglu et al., 2012). Various revisionsobligateremainedsteered to identify
KISS1 neurons in diverse mammalian species, comprising humans, rodents, and non-human
primates. Arcuate nucleus (ARC) of the mediobasal hypothalamus is highly conserved region
for KISS1 neuronal populations in humans. One interesting feature of KISS1 neurons in the
ARC remainssuch sex steroids reliablysubdueKISS1 expression at this region through
negative feedback. In contrast estrogenimprovesKISS1manifestation at such site through
positive feedback. Other neurotransmitters like neurokinin B (NKB) and dynorphin are also
expressed in Kissl neurons and showforemostparts in the regulator of GnRH/gonadotropin
secretion (Navarro et al., 2012). Studies have reported that NKB and dynorphin significantly
stimulate and inhibit LH secretion correspondingly. It devoursremaineddescribedsuch NKB
and dynorphin contribute in the auto-regulation of Kkisspeptin-associated GnRH pulses
however any dysregulated function of KISS1valoursubsidize to neuroendocrine variations of
PCOS. In the rodent models of PCOS, determinedconquest of hypothalamic KISS1
expression have been found due to postnatal exposure to androgens (Brown et al., 2012).
Galanin: Galanin, a neuropeptide is present throughout the central nervous system,
peripheral nervous system and the reproductive system in both sexes (Webling et al., 2012).
It exhibits various physiological actions via its three members (GAL1, GAL2 and GAL3) of
G-protein-coupled receptors (GPCRs) superfamily (Mensah et al., 2018; Li et al., 2017).
Hypothalamus contains a subset of GnRH-producing neurons that also help in synthesis of
galanin. GAL2 has been widely distributed in the ovary (Waters and Krause, 2000).
Various preclinical studies have been demonstrated such galanin shows a putative part in the
group of the preovulatory LH flow and gonadal excretion(Fang et al., 2015). Dysregulation
of gonadotropin in PCOS patients significantly indicated the role of galanin in development
of this disease (Roland and Moenter, 2014).Evidences supported that galanin peptide could
signifiantly reduce inflammatory marker (TNF-a, IL-6), an upsurge in FSH and a decline in
LH, insulin and testosterone levels, henceforth may be an excellent therapeutic option for
PCOS management.
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Risk of tumors of reproductive system

The altered metabolic and hormonal environment emerged the risk of cancer of reproductive
system among women. The prolonged and unrestrictedestrogen in the absenteeism of
adequate progesterone remainsstared as a chiefissue originating endometrial hyperplasia
and/or endometrialcancer in PCOS (Harris and Terry, 2016). Estrogen binding to its nuclear
receptor leads to stimulation of countless growth issuescomprising insulin-like growth
factor(IGF) and epidermal growth factor (EGF). These growth factors in turn activate
extracellular-signal-regulated kinase(ERK)alleyway and uphold endometrial propagation and
straightcancer. Moreover, estrogen metabolites likewise cause DNA damage through
oxidative stress and could initiate endometrial cancer. Increased androgens have been
associated to cause ovarian cancer among PCOS women (Butler et al., 2013). It has been
hypothesized that the incidence of androgen receptors on ovarian cells increased the risk of
invasive ovarian and borderline tumors.

Current medications for the management of PCOS

Several treatment modalities include clomiphene citrate, metformin hydrochloride,
combination of clomiphene citrate and metformin hydrochloride, hormonal therapy,
rosiglitazone, and pioglitazone have been approved for the treatment of PCOS
(Cunningham, 2017; Zhang et al., 2017). However, resistance displayed by first line drug
(clomiphene citrate) and long-term treatment regimen of other drugs with lesser clinical
output (Liao et al., 2011) encourages the researchers to find other effective therapies in the
treatment of PCOS. Oral metformin hydrochloride is widely used by the gynaecologists in the
management of PCOS for induction of ovulation. Metformin hydrochloride impedes the
GnRH release through stimulating hypothalamic AMP-activated protein kinase (AMPK)
(Kai et al., 2015). Despite, metformin hydrochloride is able to detains ovarian
gluconeogenesis (production of glucose from non-carbohydrate carbon sources) and
attenuates ovarian androgen production; it is always in controversy for gastrointestinal
discomfort and lactic acidosis. Clinically, oral contraceptive pills (OCPs) remain first line
choice for the supervision of hirsutism in premenopausal women (Badawy and Elnashar,
2011). OCP therapy exhibits number of side effects such as continuous headache, breast
tenderness, risk of venous thromboembolism and incline to upsurge insulin confrontation.
Moreover, antiandrogens have also been beneficial for the treatment of acne. Finasteride
remains an antiandrogen drug suchconflictinglyconstrains both tissue and hepatic 5-a-
reductase to prevent further conversion of androstenodioneto 5 a-androstane-3, 17- dione.
Spironolactone remains an aldosterone antagonist and androgen receptor blocker, which is
also responsible for inhibiting ovarian and adrenal steroidogenesis. But irregular menstrual
bleeding, headache, hypotension, nausea, declined libido and feminization of male foetuses
are major limitations of this therapy.

CONCLUSION

PCOS remains the collective gynaecological illness affecting 1 in 5 women of reproductive
age. The pathophysiology has involvement of complex molecular alleywaysbycompound
mechanisms certain as hormonal, metabolic, inflammatory, genetic and neuroendocrine
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hemostaticvariations. This review deliberated the diverse key sorts for the same to inspire
new treatment strategies in the therapy of PCOS as a replacement for of
indicativemanagement. Furthermore, signaling pathways and genetic environment has been
deliberatedin this assessmenttoadvance the considerate of pathophysiological aspects of
PCOS. It remainslikewisecompulsory for futuretowards shed light on the more genomic
environment and cellular pathways alliedthrough the pathogenesis of PCOS if any.

Declaration of Interest
The authors have declared no conflict of interest. The authors alone are responsible for
content and writing the paper.

Author Contributions
S.K.C, P.G and R.K.Shas designed and conceptualised the content. S.K.Cwrote the
manuscript.No paper mill was used. All authors read and approved the manuscript.

REFERENCES

[1]. Alanbay I, Ercan CM, Sakinci M, Coksuer H, Ozturk M, Tapan S. A macrophage
activation marker chitotriosidase in women with PCOS: does low-grade chronic
inflammation in PCOS relate to PCOS itself or obesity? Arch GynecolObst 2012; 286:
1065-1071.

[2]. Ajmal N, Khan SZ, Shaikh R. Polycystic ovary syndrome (PCOS) and genetic
predisposition: A review article. European Journal of Obstetrics &Gynecology and
Reproductive Biology: X, 2019; 3:10006. doi: 10.1016/j.eurox.2019.100060.

[3]. Artimani T, Karimi J, Mehdizadeh M, Yavangi M, Khanlarzadeh E, Ghorbani M, Asadi
S, Kheiripour N. Evaluation of pro-oxidant-antioxidant balance (PAB) and its
association with inflammatory cytokines in polycystic ovary syndrome (PCOS).
GynecolEndocrinol, 2018; 34:148-152.

[4]. Aytan AN, Bastu E, Demiral I, Blulut H, Dogan M, Buyru F. Relationship between
hyperandrogenism, obesity, inflammation and polycystic ovary syndrome.
GynecolEndocrinol, 2016; 32:709-713.

[5]. Azziz R, Carmina E, Chen Z, Dunaif A, Laven JS, Legro RS, Lizneva D, Natterson-
Horowtiz B, Teede HJ, Yildiz BO. Polycystic ovary syndrome. Nat Rev Dis Primers
2016; 2:16057.

[6]. Badawy A, Elnashar A. Treatment options for polycystic ovary syndrome. Int J
Womens Health, 2011; 3:25-35.

[7]. Baillargeon JP and Nestler JE. Commentary: polycystic ovary syndrome: a syndrome of
ovarian hypersensitivity to insulin? J. Clin. Endocrinol. Metab., 2006; 91:22-24.

[8]. Biason-Lauber A, Bouazzi L, Sproll P, Eid W. The transcriptional regulator CBX2 and
ovarian function: A whole genome and whole transcriptome approach. Scientific
Reports, 2019; 9:17033.

[9]. Brown RE, Wilkinson DA, Imran SA, Caraty A, Wilkinson M: Hypothalamic kissl
MRNA and kisspeptin immunoreactivity are reduced in a rat model of polycystic ovary
syndrome (PCOS). Brain Res, 2012; 1467:1-9.

http://annalsofrscb.ro 3757



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

http://annalsofrscb.ro

Brzechffa PR, Jakimiuk AJ, Agarwal SK, Weitsman SR, Buyalos RP, Magoffin DA.
Serum immunoreactive leptin concentrations in women with polycystic ovary
syndrome. J. Clin. Endocrinol. Metab., 1996; 81:4166-4169.

Butler M, Ricciardelli C, Tilley W, Hickey T. Androgen receptor protein levels are
significantly reduced in serous ovarian carcinomas compared with benign or borderline
disease but are not altered by cancer stage or metastatic progression. Horm Cancer.
2013; 4:154-64.

Carvalho LML, Ferreira CN, De Oliveira DKD, Rodrigues KD, Duarte RCF, Teixeira
MFA, Xavier LB, Candido AL, Reis FM, Silva IFO, Campos FMF, Gomes KB.
Haptoglobin levels, but not Hpl-Hp2 polymorphism, are associated with polycystic
ovary syndrome. J Assist Reprod Genet, 2017b; 34:1691-1698,

Carvalho LML, Ferreira CN, Soter MO, Sales MF, Rodrigues KF, Martins SR, et al.
Microparticles: Inflammatory and haemostatic biomarkers in Polycystic Ovary
Syndrome. Mol Cell Endocrinol, 2017a; 443:155-162.

Carvalho LML, Reis FMD, Candido AL, Nunes FFC, Ferreira CN, Gomes
KB.Polycystic Ovary Syndrome as a Systemic Disease with Multiple Molecular
Pathways: A Narrative Review EndocrRegul, 2018; 52(4):208-221.doi: 10.2478/enr-
2018-0026.

Catteau-Jonard S, Bancquart J, Poncelet E, Lefebvre-Maunoury C, Robin G, Dewailly
D. Polycystic ovaries at ultrasound: normal variant or silent polycystic ovary
syndrome? Ultrasound ObstetGynecol, 2012; 40:223-229.

Chandrasearan S and Sagili H. Metabolic syndrome in women with polycystic ovary
syndrome. ObstetGynaecol., 2018; 20:245-252. doi.org/10.1111/tog.12519.

Chang HM, Klausen C, Leung PCK. Antimillerian hormone inhibits follicle-
stimulating hormone-induced adenylyl cyclase activation, aromatase expression, and
estradiol production in human granulosa-lutein cells. FertilSteril, 2013; 100:585-592.
Cheewadhanaraks S, Peeyananjarassri K, Choksuchat C. Clinical diagnosis of hirsutism
in Thai women, J Med Assoc Thai, 2004; 87(5):459-463.

Chen J, Shen S, Tan Y, Xia D, Cia Y, Cao Y, Cao Y, Wang W, Wu X, Wang H, Yi L,
Gao Q, Wang Y. The correlation of aromatase activity and obesity in women with or
without polycystic ovary syndrome. J Ovarian Res, 2015; 22:11.

Chen X, Yang D, Mo Y, Li L, Chen Y, Huang Y. Prevalence of polycystic ovary
syndrome in unselected women from southern China, Eur J ObstetGynecolReprodBiol,
2008; 139(1):59-64 DOI: 10.1016/j.ejogrb.2007.12.018.

Cimino I, Casoni F, Liu X. Novel role for anti-Millerian hormone in the regulation of
GnRH neuron excitability and hormone secretion. Nat Commun, 2016; 7:10055.
Cooper HE, Spellacy WN, Prem KA, Cohen WD. Hereditary factors in the Stein-
Leventhal syndrome. Am J Obstet Gynecol., 1968; 100:371-387. doi:10.1016/S0002-
9378(15)33704-2.

Cunningham P. Pathophysiology, diagnosis and treatment of polycystic ovary
syndrome.Nurs Stand., 2017; 31: 44-51.

De Leo V, Musacchio MC, Cappelli V, Massaro MG, Morgante G, Petraglia F. Genetic,
hormonal and metabolic aspects of PCOS: an update. ReprodBiolEndocrinol, 2016;
14:38.

3758


https://pubmed.ncbi.nlm.nih.gov/?term=Carvalho+LML&cauthor_id=31517612
https://pubmed.ncbi.nlm.nih.gov/?term=Dos+Reis+FM&cauthor_id=31517612
https://pubmed.ncbi.nlm.nih.gov/?term=Candido+AL&cauthor_id=31517612
https://pubmed.ncbi.nlm.nih.gov/?term=Nunes+FFC&cauthor_id=31517612
https://pubmed.ncbi.nlm.nih.gov/?term=Ferreira+CN&cauthor_id=31517612
https://pubmed.ncbi.nlm.nih.gov/?term=Gomes+KB&cauthor_id=31517612
https://www.ncbi.nlm.nih.gov/pubmed/28537181
https://www.ncbi.nlm.nih.gov/pubmed/28537181

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

http://annalsofrscb.ro

Del Valle I, et al. A genomic atlas of human adrenal and gonad development. Wellcome
Open Res, 2017; 2:25. https://doi.org/10.12688/ wellcomeopenres.11253.2.

Dewailly D, Robin G, Peigne M, Decanter C, Pigny P, Catteau-Jonard S. Interactions
between Androgens, FSH, anti-Mullerian Hormone and
EstradiolDuringFolliculogenesis in the Human Normal and Polycystic Ovary. Hum
Reprod Update, 2016; 22 (6):709-724.

di Clemente N, Jamin SP, Lugovskoy A, Carmillo P, Ehrenfels C, Picard JY, et al.
Processing of anti-Mullerian hormone regulates receptor activation by a mechanism
distinct from TGF-beta. Mol Endocrinol 2010; 24:2193-2206.

Diamanti-Kandarakis E and Dunaif A. Insulin resistance and the polycystic ovary
syndrome revisited: an update on mechanisms and implications, Endocr Rev, 2012;
33(6):981-1030 DOI: 10.1210/er.2011-1034.

Ding T, Hardiman PJ, Petersen I, Wang FF, Qu F, Baio G. The prevalence of polycystic
ovary syndrome in reproductive-aged women of different ethnicity: a systematic review
and meta-analysis.Oncotarget., 2017; 8(56):96351-96358. doi:
10.18632/oncotarget.19180.eCollection 2017 Nov 10.

Dumesic DA, Oberfield SE, Stener-Victorin E, Marshall JC, Laven JS, Legro RS.
Scientific statement on the diagnostic criteria, epidemiology, pathophysiology, and
molecular genetics of polycystic ovary syndrome. Endocr Rev, 2015; 36:487-525.
Dunaif A. Perspectives in Polycystic Ovary Syndrome: From hair to eternity. J
ClinEndocrinolMetab, 2016; 101:759-768.

Eilertsen TB, Vanky E, Carlsen SM. Anti-Mullerian hormone in the diagnosis of
polycystic ovary syndrome: can morphologic description be replaced? Hum Reprod,
2012; 27:2494-502.

Evans JL, Maddux BA, Goldfine ID. The molecular basis for oxidative stress-induced
insulin resistance. Antioxid Redox Signal, 2005; 7:1040-1052.

Fang P, He B, Shi M, Kong G, Dong X, Zhu Y, Bo P, Zhang Z. The regulative effect of
galanin family members on link of energy metabolism and reproduction. Peptides,
2015; 71:240-249.

Fonseca HP, Brondi RS, Piovesan FX, Miklos TG, Aldrighi JM. Anti-Mullerian
hormone and insulin resistance in polycystic ovary syndrome. Gynecol. Endocrinol.,
2014; 30: 667—-670.

Gallinelli A, Ciaccio I, Giannella L, Salvatori M, Marsella T, Volpe A. Correlations
between concentrations of interleukin- 12 and interleukin- 13 and lymphocyte subsets in
the follicular fluid of women with and without polycystic ovary syndrome. Fertil.
Steril., 2003; 79:1365-1372.

Genazzani AD. Inositol as Putative Integrative Treatment for PCOS. Reprod. Biomed.
Online, 2016; 33:770-780.

Glintborg D and Andersen M. Management of endocrine disease: morbidity in
polycystic ovary syndrome. Eur J Endocrinol, 2017; 176:R53-R65.

Gonzalez F, Rote NS, Minium J, Kirwan JP. Increased activation ofnuclear factor kB
triggers inflammation and insulin resistance in poly-cystic ovary syndrome. J
ClinEndocrinolMetab, 2006; 91:1508-1512.

3759


https://pubmed.ncbi.nlm.nih.gov/?term=Dewailly+D&cauthor_id=27566840
https://pubmed.ncbi.nlm.nih.gov/?term=Robin+G&cauthor_id=27566840
https://pubmed.ncbi.nlm.nih.gov/?term=Peigne+M&cauthor_id=27566840
https://pubmed.ncbi.nlm.nih.gov/?term=Decanter+C&cauthor_id=27566840
https://pubmed.ncbi.nlm.nih.gov/?term=Pigny+P&cauthor_id=27566840
https://pubmed.ncbi.nlm.nih.gov/?term=Catteau-Jonard+S&cauthor_id=27566840

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[40].

[41].
[42].
[43].

[44].

[45].
[46].

[47].

[48].

[49].
[50].

[51].

[52].

[53].
[54].
[55].

[56].

http://annalsofrscb.ro

Gonzalez-Fernandez R, Martin-Ramirez R, Rotoli D et al. Granulosa-Lutein Cell
Sirtuin Gene Expression Profiles Differ between Normal Donors and Infertile Women.
Int J Mol Sci. 2019; 21(1):295.

Hakimi O and Cameron LC. Effect of exercise on ovulation: a systematic review.
Sports Med 2016 (in press).

Harris HR and Terry KL. Polycystic ovary syndrome and risk of endometrial, ovarian,
and breast cancer: a systematic review. Fertility Research and Practice, 2016; 2:14.
Hatch R, Rosenfield RL, Kim MH, Tredway D. Hirsutism: implications, etiology, and
management. Am J Obstet Gynecol., 1981; 140:815-830.

Hayes MG, Urbanek M, Ehrmann DA, Armstrong LL, Lee JY, Sisk R, Karaderi T, et
al. Reproductive Medicine Network. Genome-wide association of polycystic ovary
syndrome implicates alterations in gonadotropin secretion in European ancestry
populations. Nat Commun., 2015; 6(1):7502.

Hotamisligil GS and Erbay E. Nutrient sensing and inflammation in metabolic diseases.
Nature Reviews Immunology, 2008; 8(12):923-934.

Hu KL, Zhao H, Chang HM, Yu Y, Qiao J. Kisspeptin/ Kisspeptin Receptor System in
the Ovary. Front. Endocrinol., 2018; 8:365-365.doi.org/10.3389/fendo.2017.00365.

Hu S. et al. Expression patterns of p38a MAPK during follicular development in the
ovaries of neonatal rats. ActaHistochemica, 2017; 119:538-542.
https://doi.org/10.1016/j.acthis.2017.05.007.

Ibanez L, Oberfield SE, Witchel S, et al. An International Consortium Update:
Pathophysiology, Diagnosis, and Treatment of Polycystic Ovarian Syndrome in
Adolescence. Horm Res Paediatr, 2017; 88:371.

Insler VV and Lunesfeld B. Polycystic ovarian disease: A challenge and controversy.
GynecolEndocrinol. 1990; 4:51-69.

Jayasena C and Franks S. The management of patients with polycystic ovary syndrome.
Nature Reviews Endocrinology, 2014; 10:624-636.

Jian Li, Wu Q, Wu XK, Zhou ZM, Fu P, Chen XH, et al. Effect of exposure to second-
hand smoke from husbands on biochemical hyperandrogenism, metabolic syndrome
and conception rates in women with polycystic ovary syndrome undergoing ovulation
induction, Human reproduction, 2018; 33(4):1-9.

Kai Y, Kawano Y, Yamamoto H, Narahara H. A possible role for AMP-activated
protein kinase activated by metformin and AICAR in human granulosa
cells.ReprodBiolEndocrinol, 2015; 13:27.

Katulski K, Podfigurna A, Czyzyk A, Meczekalski B, Genazzani AD. Kisspeptin and
LH pulsatile temporal coupling in PCOS patients. Endocrine, 2018; 61(1):149-157.
Kebapcilar AG, Tatar MG, Ipekci SH et al. Cornea in PCOS patients as a possible
target of IGF-1 action and insulin resistance. Arch GynecolObst 2014; 290: 1255-1263.
Khan MJ, Ullah A, Basit S. Genetic Basis of Polycystic Ovary Syndrome (PCOS):
Current Perspectives the Application of Clinical Genetics, 2019; 12:249-260.

Khorshidi A, Azami M, Tardeh S, Tardeh Z. The prevalence of metabolic syndrome in
patients with polycystic ovary syndrome: A systematic review and meta-analysis.
Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 2019; 13:2747-2753.

3760


https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%A1lez-Fern%C3%A1ndez+R&cauthor_id=31906251
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%ADn-Ram%C3%ADrez+R&cauthor_id=31906251
https://pubmed.ncbi.nlm.nih.gov/?term=Rotoli+D&cauthor_id=31906251
https://www.uptodate.com/contents/treatment-of-polycystic-ovary-syndrome-in-adolescents/abstract/9
https://www.uptodate.com/contents/treatment-of-polycystic-ovary-syndrome-in-adolescents/abstract/9
https://www.uptodate.com/contents/treatment-of-polycystic-ovary-syndrome-in-adolescents/abstract/9
https://www.ncbi.nlm.nih.gov/pubmed/25889494
https://www.ncbi.nlm.nih.gov/pubmed/25889494
https://www.ncbi.nlm.nih.gov/pubmed/25889494

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[57].

[58].

[59].
[60].

[61].

[62].

[63].

[64].

[65].

[66].

[67].

[68].

[69].

[70].

[71].

http://annalsofrscb.ro

Kochumon S, Wilson A, Chandy B, Shenouda S, Tuomilehto J, Sindhu S, Ahmad R.
Palmitate activates CCL4 expression in human monocyt-ic cells via TLR4/MyD88
dependent activation of NF-kappaB/MAPK/ PI3K signaling systems. Cell
PhysiolBiochem, 2018; 46:953-964.

Kokosar M, Benrick A, Perfilyev A, Fornes R, Nilsson E, Maliqueo M, Behre CJ,
Sazonova A, Ohlsson C, Ling C, Stener-Victorin E. Epigenetic and transcriptional
alterations in human adipose tissue of polycystic ovary syndrome. Scientific Reports,
2016; 6:22883. DOI: 10.1038/srep22883.

Kopelman PG. Obesity as a medical problem. Nature, 2000; 404:635-643.

La Marca A, Malmusi S, Giulini S, Tamaro LF, Orvieto R, Levratti P, Volpe A. Anti-
Mullerian hormone plasma levels in spontaneous menstrual cycle and during treatment
with FSH to induce ovulation. Hum. Reprod., 2004a; 19:2738-2741.

Lebrethon MC, Vandersmissen E, Gerard A, Parent AS, Junien JL, Bourguignon JP.. In
vitro stimulation of the prepubertal rat gonadotropinreleasing hormone pulse generator
by leptin and neuropeptide Y through distinct mechanisms. Endocrinology, 2000;
141:1464-1469. DOI: 10.1210/endo0.141.4.7432.

Legro RS, Finegood D, Dunaif A. A fasting glucose to insulin ratio is a useful measure
of insulin sensitivity in women with polycystic ovary syndrome. J
ClinEndocrinolMetab., 1998; 83:2694-2698.

Li Y, Hokfelt T, Xu ZD. Galanin protects brain from ischemic injury of mice following
ischemic stroke via inhibition of Caspase-3-dependent apoptosis. Neuropeptides., 2017;
65:139.

Liao L, Tian YJ, Zhao JJ, Xin Y, Xing HY, Dong JJ. Metformin versus metformin
plus rosiglitazone in women with polycystic ovary syndrome.Chin Med J (Engl) , 2011;
124: 714-718.

Lizneva D, Suturina L, Walker W, Brakta S, Gavrilova-Jordan L, Azziz R. Criteria,
prevalence, and phenotypes of polycystic ovary syndrome. FertilSteril 2016; 106(1):6-
15. doi: 10.1016/j.fertnstert.2016.05.003.

Magoffin DA. Ovarian theca cell. Int J Biochem Cell Biol, 2005; 37:1344-1349.

Mahde A, Shaker M, Al-Mashhadani Z. Study of Omentinl and Other Adipokines and
Hormones in PCOS Patients. Oman Med J, 2009; 24:108-118.

Marti N. et al. Genes and proteins of the alternative steroid backdoor pathway for
dihydrotestosterone synthesis are expressed in the human ovary and seem enhanced in
the polycystic ovary syndrome. Molecular and Cellular Endocrinology, 2017; 441: 116-
123. https://doi.org/10.1016/j.mce.2016.07.0209.

Mensah ET, Blanco AM, Donini A, Unniappan S. Galanin decreases spontaneous
resting contractions and potentiates acetyl choline-induced contractions of goldfish gut.
Neuropeptides, 2018; 69:92-97.

Monden M, Koyama H, Otsuka Y, et al. Receptor for advanced glycation end products
regulates adipocyte hypertrophy and insulin sensitivity in mice: involvement of Toll-
like receptor2. Diabetes, 2013; 62:478-489.doi: 10.2337/db11-1116

Moran LJ, Misso ML, Wild RA, Norman RJ. Impaired glucose tolerance, type 2
diabetes and metabolic syndrome in polycystic ovary syndrome: a systematic review
and meta-analysis. Hum Reprod Update, 2010; 16(4):347e63.

3761


https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21518564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=21518564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=21518564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xin%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21518564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xing%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=21518564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dong%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=21518564
https://www.ncbi.nlm.nih.gov/pubmed/21518564
https://dx.doi.org/10.2337%2Fdb11-1116

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[72].

[73].

[74].

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

[86].

http://annalsofrscb.ro

Morciano, A. Romani F, Sagnella F, Scarinci E, Palla C, Moro F, Tropea A, Policola C,
Della Casa S, Guido M, Lanzone A, Apa R. Assessment of insulin resistance in lean
women with polycystic ovary syndrome. FertilSteril, 2014; 102:250-256.

Morris BJ. Seven sirtuins for seven deadly diseases of aging. Free Radic. Biol. Med.,
2013; 56:133-171.

Murri M, Luque-Ramirez M, Insenser M, Ojeda-Ojeda M, Escobar-Morreale HF.
Circulating markers of oxidative stress and polycystic ovary syndrome (PCOS): a
systematic review and meta-analysis. Hum Reprod Update, 2013; 19:268-288.

Navarro VM, Tena-Sempere M: Neuroendocrine control by Kkisspeptins: role in
metabolic regulation of fertility. Nat Rev Endocrinol, 2012; 8:40-53.

Osz K, Ross M, Petrik J. The thrombospondin-1 receptor CD36 is an important
mediator of ovarian angiogenesis and folliculogenesis. ReprodBiolEndocrinol. 2014;
12: 21.

Osuka S, Iwase A, Nakahara T, Kondo M, Saito A, Bayasula, Nakamura T, Takikawa
S, Goto M, Kotani T, Kikkawa F. Kisspeptin in the hypothalamus of 2 rat models of
polycystic ovary syndrome. Endocrinology, 2017; 158(2):367-377. doi:
10.1210/en.2016-1333.

Palomaki GE, Kalra B, Kumar T, et al. Adjusting antimillerian hormone levels for age
and body mass index improves detection of polycystic ovary syndrome. Fertility and
Sterility, 2020; 0015-0282.

Palomba S, Falbo SSA, La Sala GB. Complications and challenges associated with
polycystic ovary syndrome: current perspectives. Int J Womens Health, 2015; 7:745-
763.

Peng Z, Sun Y, Lv X, Zhang H, Liu C, Dai S. Interleukin-6 levels in women with
Polycystic Ovary Syndrome: A systematic review and meta-analysis. PLoS One, 2016;
11:e0148531.

Pigny P, Jonard S, Robert Y, Dewailly D. Serum anti-Mullerian hormone as a surrogate
for antral follicle count for definition of the polycystic ovary syndrome. J
ClinEndocrinolMetab, 2006; 91:941-945.

Piotrowski PR, Kwintkiewicz J, Duleba A. Oxidative stress induces expression of
CYP11A, CYP17, star and 3 beta HSD in rat theca-interstitial cells. J. Soc. Gynecol.
Invest. 2005; 12: Article ID319A.

Ramasamy R, Yan SF, Schmidt AM. Advanced glycation end products: from
precursors to RAGE: round and round we go. Amino Acids, 2012; 42:1151-1161. doi:
10.1007/s00726-010-0773-2.

Repaci A, Gambineri A, Pasquali R. The role of low-grade inflammation in the
polycystic ovary syndrome. Mol Cell Endocrinol, 2011; 335:3041.

Rice S, Christoforidis N, Gadd C, Nikolaou D, SeyaniL, Donaldson A, Margara R,
Hardy K, Franks S. Impaired insulin-dependent glucose metabolism in granulosa-lutein
cells from anovulatory women with polycystic ovaries. Hum Reprod., 2005; 20(2):373-
381.

Rojas J, Chavez M, Olivar L, Rojas M, Morillo J, Mejias J, Calvo M, Bermudez V.
Polycystic ovary syndrome, insulin resistance, and obesity: navigating the
pathophysiologic labyrinth. Int J Reprod Med, 2014; 2014:719050.

3762



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[87].

[88].

[89].

[90].
[91].

[92].

[93].
[94].

[95].

[96].

[97].

[98].

[99].

Roland AV, Moenter SM. Reproductive neuroendocrine dysfunction in polycystic
ovary syndrome: Insight from animal models. Front Neuroendocrinol, 2014; 35(4): 494-
511.

Rosenfield RL, Ehrmann DA. The pathogenesis of Polycystic Ovary Syndrome
(PCOS): The hypothesis of PCOS as functional ovarian hyperandrogenism revisited.
Endocr Rev, 2016; 37:467-520.

Sadik NA, Shaker OG, Ghanem HZ, Hassan HA, Abdel-Hamid AH. Single-nucleotide
polymorphism of Toll-like receptor 4 and interleukin-10 in response to interferon-based
therapy in Egyptian chronic hepatitis C patients. Arch Virol., 2015; 160(9):2181-2195.
Samuel VT and Shulman GI. The pathogenesis of insulin resistance: integrating
signalling pathways and substrate flux. J Clin Invest., 2016; 126(1):12-22.

Schenk S, Saberi M and Olefsky JM. Insulin sensitivity: modulation by nutrients and
inflammation. Journal of Clinical Investigation, 2008; 118(9):2992-3002.

Shi H, Kokoeva MV, Inouye K, Tzameli I, Yin H, Flier JS. TLR4 links innate immunity
and fatty acid-induced insulin resistance. Journal of Clinical Investigation, 2006;
116(11):3015-3025.

Sirmans SM and Pate KA. Epidemiology, diagnosis, and management of polycystic
ovary syndrome. J. Clin. Epidemiol., 2013; 6:1-13.

Song J, Luo S, Li SW. miRNA-592 is downregulated and may target LHCGR in
polycystic ovary syndrome patients. ReprodBiol, 2015; 15:229-237.

Sorensen AE, Udesen PB, Wissing ML, Englund ALM, Dalgaard LT. MicroRNAs
related to androgen metabolism and polycystic ovary syndrome. Chemico-biological
interactions, 2016; 259(Pt A):8-16.

Soter MO, Ferreira CN, Sales MF, Candido AL, Reis FM, Milagres KS, Ronda C, Silva
10, Sousa MO, Gomes KB. Peripheral blood-derived cytokine gene polymorphisms and
metabolic profile in women with polycystic ovary syndrome. Cytokine, 2015; 76:227—
235.

Spaczynski RZ, Arici A, Duleba AJ. Tumor necrosis factor-alpha stimulates
proliferation of rat ovarian theca-interstitial cells. BiolReprod. 1999; 61:993-8.

Speroff L, Fritz MA. Amenorrhea. In: Speroff L, Fritz MA, editors. Clinical
Gynecologic Endocrinology and Infertility. 7th ed. Philadelphia: Lippincott
Williams&Wikins; 2005.

Suganami T, Mieda T, Itoh M, Shimoda Y, Kamei Y, Ogawa Y. Attenuation of obesity-
induced adipose tissue inflammation in C3H/HeJ mice carrying a Toll-like receptor 4
mutation. Biochemical and Biophysical Research Communications, 2007; 354(1):45-
49,

[100]. Szydlarska D, Machaj M, Jakimiu A. History of discovery of polycystic ovary

syndrome. Adv Clin Exp Med., 2017; 26(3):555-558.

[101]. Tabrizi FPF, Hajizadeh-Sharafabad F, Vaezi M., Jafari-Vayghan H, Alizadeh M and

Maleki V. Quercetin and polycystic ovary syndrome,current evidence and future
directions: asystematic review. J Ovarian Res, 2020; 13:11.

[102]. Tanno M, Sakamoto J, Miura T, Shimamoto K, Horio Y. Nucleocytoplasmic shuttling

http://annalsofrscb.ro

of the NAD+-dependent histone deacetylase SIRTL1. J. Biol. Chem., 2007; 282:6823-
6832.

3763



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[103]. Tee MK, Speek M, Legeza B, Modi B, Teves ME, McAllister JM, Strauss JFIII,
Miller WL. Alternative splicing of DENND1A, a PCOS candidate gene, generates
variant- 2. Mol Cell Endocrinol., 2016; 434:25-35.

[104]. Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, Piltonen T, Norman
RJ, International PN. Recommendations from the International evidence-based
guideline for the assessment and management of polycystic ovary syndrome. Fertil.
Steril, 2018; 110:364-379.

[105]. Thathapudi S, Kodati V, Raj AY, Addepallyn U, Katragadda A, Hasan Q. Role of
TNF a in the etiopathogenesis of PCOS: a clinical, biochemical and molecular genetics
study. MolCytogenet, 2014; 7:94.

[106]. The Rotterdam ESHRE/ASRM-sponsered PCOS Consensus Workshop Group.
Revised 2003 consensus on diagnostic criteria and long-term health risks related to
polycystic ovary syndrome (PCOS). Hum Reprod 2004; 19:41-47.

[107]. Topaloglu, A. K. et al. Inactivating KISS1 Mutation and Hypogonadotropic
Hypogonadism. New England Journal of Medicine, 2012; 366:629-635.
doi.org/10.1056/NEJMo0al1111184.

[108]. Urbanek M. The genetics of the polycystic ovary syndrome. EndocrinolMetab, 2007;
3(2): 103-111. doi:10.1038/ncpendmet0400.

[109]. Virtue S and Vidal-Puig A. Adipose tissue expandability, lipotoxicity and the
metabolic syndrome-an  allostatic  perspective.  BiochimBiophysActa., 2010;
1801(3):338-349.

[110]. Visser JA, de Jong FH, Laven, JS, Themmen AP. Anti-Mullerian hormone: a new
marker for ovarian function. Reproduction, 2006; 131:1-9.

[111]. Vlassara H, Cai W, Crandall J, Goldberg T, Oberstein R, Dardaine V, Peppa M,
Rayfield EJ. Inflammatory mediators are induced by dietary glycotoxins, a major risk
factor for diabetic angiopathy. Proc. Natl. Acad. Sci., 2002; 99:15596-15601. doi:
10.1073/pnas.242407999. Epub 2002 Nov 12.

[112]. Volkel P, Le Faou P, Vandamme J, Pira D, Angrand PO. A human Polycomb isoform
lacking the Pc box does not participate to PRC1 complexes but forms protein
assemblies and represses transcription. Epigenetics, 2012; 7:482-491. doi.org/10.4161/
epi.19741.

[113]. Waters SM, Krause JE. Distribution of galanin-1, -2 and -3 receptor messenger RNAs
in central and peripheral rat tissues. Neuroscience, 2000; 95:265-271.

[114]. Webling KE, Runesson J, Bartfai T, Langel U. Galanin receptors and ligands. Front
Edocrinol. 2012; 3:146.

[115]. Weenen C, Laven JS, Von Bergh AR, Cranfield M, Groome NP, Visser JA, Kramer
P, Fauser BC, Themmen AP. Anti-Mullerian hormone expression pattern in the human
ovary: potential implications for initial and cyclic follicle recruitment. Mol Hum
Reprod, 2004; 10:77-83.

[116]. Wellen KE, Hotamisligil GS. Obesity induced inflammatory changes in adipose
tissue. J Clin Invest, 2013; 112:1785-1788.

[117]. Witchel SF, Oberfield SE and Pena AS. Polycystic Ovary Syndrome:
Pathophysiology, Presentation, and Treatment with Emphasis on Adolescent Girl. J
Endocrine Society, 2019; 3(8):1545-1573.

http://annalsofrscb.ro 3764



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 1, 2021, Pages. 3746 - 3765

Received 15 December 2020; Accepted 05 January 2021.

[118]. Wojciechowska A, Osowski A, Jozwik M, Gorecki R, Rynkiewicz A, Wojtkiewicz J.
Inositols’ importance in the Improvement of the Endocrine—Metabolic Profile in PCOS
Int. J. Mol. Sci., 2019; 20:5787. doi: 10.3390/ijms20225787.

[119]. Wu HL, Heneidi S, Chuang TY, Diaond MP, Layman LC, Azziz R, Chen YH: The
expression of the miR-25/93/106b family of microRNAs in the adipose tissue of women
with polycystic ovary syndrome. J ClinEndocrinolMetab, 2014; 99:E2754-E2761.

[120]. Wu R, Fujii S, Ryan NK, Van der Hoek KH, Jasper MJ, Sini I. Ovarian leukocyte
distribution and cytokine/ chemokine mRNA expression in follicular fluid cells in
women with polycystic ovary syndrome. Hum. Reprod., 2007; 22:527-535.

[121]. Yang H, Kim HJ, Pyun BJ, Lee HW. Licorice ethanol extract improves symptoms of
polycytic ovary syndrome in Letrozole-induced female rats. Integr Med Res., 2018;
7(3):264-270.

[122]. Yuanyuan Z, Zeqin W, Xiaojie S, Liping L, Yun X, Jiegiong Z. Proliferation of
Ovarian Granulosa Cells in Polycystic Ovarian Syndrome Is Regulated by MicroRNA-
24 by Targeting Wingless-Type Family Member 2B (WNT2B).Med SciMonit, 2019;
25:4553-4559.

[123]. Zawadzki J and Dunaif A. Diagnostic criteria for polycystic ovary syndrome: towards
a rational approach. In: Dunaif A, Givens JR, Haseltine F (eds). Polycystic Ovary
Syndrome. Boston: Blackwell Scientific, 1992; 377-384.

[124]. Zhao F, Zhao W, Ren S, Fu Y, Fang X, Wang X, Li B. Roles of SIRT1 in granulosa
cell apoptosis during the process of follicular atresia in porcine ovary. Anim. Reprod.
Sci., 2014; 151:34-41.

[125]. Zhao L, Zhu Z, Lou H, Zhu G, Huang W, Zhang S, Liu F. Polycystic ovary syndrome
(PCOS) and the risk of coronary heart disease (CHD): a meta-analysis. Oncotarget 2016
Jun 7; 7(23):33715.

[126]. Zhao X, Ni R, Li L, Mo Y, Huang J, Huang M, Azziz R, Yang D. Defining hirsutism
in Chinese women: a cross-sectional study, FertilSteril, 2011; 96(3):792-796. DOI:
10.1016/j.fertnstert.2011.06.040.

[127]. Zheng SH, Li XL. Visceral adiposity index as a predictor of clinical severity and
therapeutic outcome of PCOS. GynecolEndocrinol, 2016; 32:177-183.

http://annalsofrscb.ro 3765


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30271715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=30271715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pyun%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=30271715
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=30271715
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6160501/

